Mercury (Hg) biomagnifies in aquatic food chains and can reach high concentrations in fish-12 eating birds. Spatial patterns of Hg have been found in freshwater ecosystems across Canada for 13 many taxa including fish and birds. However, it is often challenging to sample a representative 14 population size of adult birds to monitor concentrations of contaminants over a large spatial 15 scale. Moreover, adult birds can migrate and can show a contaminant profile that may not be 16 representative of local resources. The aims of this study were (1) to determine if there was a 17 spatial pattern of Hg in piscivorous birds, (2) to develop a model to estimate Hg concentrations 18 in breeding adults using chicks as proxy, and (3) to develop predictive equations among non-19 lethal samples that representative of local resources in adults (blood and growing feathers).
Mercury was analysed in red blood cells and growing feathers as described in Gibson et al. 136 (2014) and in Lavoie et al. (2014) . Briefly, samples were digested in a microwave oven with 137 nitric acid, hydrogen peroxide, and deionized water. Total Hg analysis was done by cold vapour (human hair: BCR-397) were analyzed. Mean (±SD) recoveries were 100.6 ± 11.9% (n = 33) for 142 113.7 ± 14 .2% (n = 37) for DORM-3 and 96.1 ± 11.2% (n = 6) for BCR-397 in adult 143 tissues and 101.2 ± 10.0% (n = 12) for and 110.8 ± 13 .2% (n = 7) for DORM-3 in 144 chick feathers. Samples THg concentrations are expressed in microgram per gram dry weight 145 (μg/g d.w.) and are assumed to approximate MeHg concentrations in feathers and red blood cells 146 of fish-eating birds (Bond and Diamond 2009 , Kim et al. 1996 , Lavoie et al. 2010 . 
159
We developed a model to predict adult Hg concentrations across Canada using concentrations 160 from chicks. Adults (n = 160) and chicks (n = 30) were caught at five common locations, but 161 could not be paired together because they had no parental link. We therefore generated all 162 possible combinations of regressions between adult blood and chick P1 feathers within each of 163 the five sites (e.g., an adult from site A could only be paired to a chick from site A). Sample sizes 164 used for the model were 5-10 for chicks and 7-114 for adults. We ran a loop of 10,000 iterations 165 of a reduced major axis (RMA) model including all five locations at each iteration. The RMA 166 model was done with the package lmodel2 (Legendre 2013) with 99 permutations with chick P1 167 feather concentration as the independent variable and adult blood concentration as the dependent 168 variable. Growing feathers from adults could not be sampled at all five sites and could therefore 169 not be used for the predictive loop model. RMA (Model II) was used as opposed to a simple 170 linear regression (Model I) because both variables were random and were subjected to error. The 171 average slope, intercept, and 2.5−97.5% confidence intervals (CI) of the slope and intercept were 172 used to predict adult blood concentrations. To apply this model to other adult tissues, we ran 173 RMA models between predicted blood concentrations as the independent variable and P1 (n = 8), approximately 50°N followed by a decrease (R 2 = 0.28, F(1,103) = 19.5, p < 0.001; Figure 1 ). We 186 found a decrease in Hg concentrations from west to east, but the model only explained 5% of the 187 variation in Hg (R 2 = 0.05, F(1,104) = 4.9, p = 0.028). When latitude (polynomial) and longitude were taken together, the best model based on lowest AIC explained 31% of the variation in Hg 189 (multiple linear regression: F(3,102) = 15.3, p < 0.001):
190 Log10(Hg)chick P1 = 1.2(latitude) -0.01(latitude 2 ) -0.008(longitude) -29.9; R 2 = 0.31
(1)
191
The Akaike weight (i.e., model probability) of the best model was 0.83. The evidence ratio 192 showed that the best model was 4.9 times more likely than the second best model and 15,000 193 times more likely than the null model. The CIs showed that the slope was different than 0, but not different than the 1:1 relationship, 200 whereas the intercept was not different than 0.
201

Relationships between adult tissues 202
Hg concentrations in regrown feathers were predicted across Canada using the predicted Hg 203 concentration in adult blood (see equations in Table 3 ). Predicted adult blood varied from 2.1 ± 204 0.7 μg/g at Lake Pelletier to 9.5 ± 1.8 μg/g at Lake Malartic (Table 4 ; Figure 3a ). For feathers, 205 concentrations were highest in P1 regrown feathers (3.1 ± 2.2 to 70.8 ± 29.4 μg/g; Figure 3b ) and 206 lowest in breast regrown feathers (5.6 ± 1.6 to 19.0 ± 3.0 μg/g) at Lake Pelletier and Lake 207 Malartic, respectively. had lower feather Hg concentrations than in Lake Nipissing (5.7 ± 1.4 μg/g; n = 5; t = -5.8; p = 246 0.003). We believe that spatial patterns are defined by a combination of the factors mentioned 247 above although we cannot identify which ones are the most important ones in this case.
Discussion
248
Relationship between chicks and adults 249 We found that cormorant chick feathers are a good monitoring tool for large-scale Hg to capture (pers. obs.). In addition, there was a low cost related to the collection of chick samples 255 across Canada because collaborations were made for the sampling (see Materials and Methods). 256 Chicks Hg concentrations were found to be representative of those of adults as observed by the 257 linear relationship (Figure 2; Equation 2 ). Our predictive chick-adult model only explained 40% 258 of the variation, but this is considered as a large effect size according to Cohen (1992) .
259
Discrepancies in concentration between chicks and adults can be mainly explained by the 260 sampling design. Chicks were not taken from the same nests as adults and were paired through 261 random iterations. The pairing is therefore at the scale of the colony rather than the nest (i.e, 262 chick-female pairing). In addition, discrepancies could be due to age class differences in where chicks are covered with down at hatching (e.g., gulls), those feathers are indicative of the 292 mercury in eggs and therefore of the mother (i.e., maternal transfer (Ackerman et al. 2016b)).
293
Females transfer Hg from this mixture of different areas to the eggs, which are then transferred 294 to chicks down. However, cormorants are born naked (no down or feathers) and down growth is 0 (b = 0) or 1 (b = 1) or that the intercept equals 0 (a = 0) are based on inclusion of the 2.5% to 97.5% confidence intervals (CI). 
